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???????? 3 ????????(i) 3 ????????????????? [8]–
[10]?(ii) ?????????????? [11]–[13]?(iii) ???????????? [14]–























Cross-Correlation: NCC) [23] ?????????NCC ???????????? 3 ??
?????????????????????????????????????
????????????????? (Phase-Only Correlation: POC) ??????
????????????????????? [24]?POC ?????????????
????????????????????????????????????????
???? [25]–[27]????2 ???????? 1 ?????????? NCC ??????
POC ? 2 ???????? 1 ???????POC ?????????????????
???????POC ????????????????????POC ????????
?? 2 ?????????????POC ????????? 2 ???????????
????????????????????????????????????????
??? 1 ?????????????1 ?? POC ??????????????????
?? 1 ?? POC ????????????????????????????????
3 ???????????????????????????????????????
??????????????????????????????? 1 ?? POC ???
????????? 3 ???????????????1 ??????????????
??????????????????????????(i) ?????????????











???????????? 3 ??????? 1 ???????????????????
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? 3 ???????1 ?? POC ????????????????????????




? 4 ?????????????????????????? 3 ?????????
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????????SIFT (Scale-Invariant Feature Transform) [33] ? SURF (Speeded-
Up Robust Features) [34] ??????????????????????????









??????????(i) ?????????????????????? (ii) Structure








? 2? ???????? 3 ?????????????






(ii) Structure from Motion (SfM)
SfM ???3 ???????????????????????????????
?????????? [3], [37]????????????????????????
??????????????????????SIFT ? SURF ????????
??????? [33], [34] ??????????????????????????
???????????Direct Linear Transformation (DLT) ??????????










2.3 ???????? 3 ??????????
???????? 3 ????????(i) 3 ??????????????????(ii)
???????????????(iii)?????????????(iv) ????????
??????? 4 ?????????? [5]?????????????????????
(i) 3 ?????????????????
3 ?????????????????????????? 3 ?????????
?????????????????????????????? 3 ??????
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2.3 ???????? 3 ??????????
? [8]–[10]???????? 3 ?????????????????????????
??? 3 ?????????????????????????????????



























???????? 3 ??????????????????????????? 3
??????????????????
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? 2? ???????? 3 ?????????????
(iii) ????????????
???????????????(a) ???? 3 ??????? (b) ??????
??????????????? 3 ??????? [14]–[16]????? 3 ????
???SIFT ??? SURF ??????????????????NCC ????
?????????????????????????????????????
??????Furukawa ????????? 3 ?????? [16] ????????
??Furukawa ???????DoG (Diﬀerence-of-Gaussian) ? Harris ??????
???????????????????? NCC ???????????????























??????????? 3 ??????????????????????? 3 ?
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2.4 ???????????? 3 ????





??????????????????????? 2 ?????????????(i) ??
????????????????????????????????????????
????????????????????????????????????????
???????(ii) ????????(i) ???????????????????3 ??












???????Goesele ??????????????????? NCC ???????
??????????????????????????? [17]????Campbell ???
Goesele ???????????????????? NCC ??????????????
MRF (Markov Random Field) ??????????????????????????
??????????????????? [20]?????Bradley ???Furukawa ???
????????? 3 ???????????3 ???? 3 ?????????????
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? 2? ???????? 3 ?????????????
?????????????????????????????????????????



















???Tola ?? Li ???NCC ????????????????????????
???????????? 1 ????DAISY ???????????????????
???????? [21], [22], [43]?DAISY ??????????????????????
???DAISY ??????????????????? DAISY ???????????





































??? 1 ???? [3]??????NCC ??????????????????????
???????????????????????Goesele ???? [17] ???????
????????
Goesele ???????????????????????? V = {V0, · · · , VL−1} ?
??????? VR ∈ V ??????? C = {C0, · · · , CK−1} ⊂ V − {VR} ??????
????????L ??? K ???????????????????????????
??? Z ?????? Zmin ??Zmax ????????????? ΔZ ???????
? VR ?????? m = (u, v) ??????? Step1 ?? Step5 ?????????
???????????????dep(m), corr(m), conf(m) ???????? m ???
? VR ?????????????????????????? dep??????? corr?
?????? conf ???????? m ??????????? 2.1 ????
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? 2? ???????? 3 ?????????????
Step1: ???? VR ?????? m ???????????Zmin ??? 3 ????
M = (X, Y, Z) ????????
Step2: i = 0, · · · , K−1 ?????M????? Ci ???????m′i ????????
???? VR ?? m ?????????? w × w ?????????? f ???
??? Ci ?? m′i ??????????w×w ?????????? gi ?? NCC
??????? rNCC,i ??????
Step3: NCC ???? rNCC,i ????rNCC,i > thcorr ???????????rNCC,ave ?
???????thcorr ???????????rNCC,i > thcorr ??? NCC ????
???? K ′ ????
Step4: Z < Zmax ??????3 ??? M ????? Z ← Z + ΔZ ????????
??Step2 ?? Step4 ??????
Step5: Zmin ?? Zmax ??????? rNCC,ave ???????????? Z ????
rNCC,ave ???dep(m), corr(m), conf(m) ????????????
dep(m) = Z (2.1)






??????????????????? dep ??????????? corr????














?????? 1 ??????????NCC ??????????????????POC
? 2 ???????? 1 ?????????????????????????????
2 ??????????????????????????????????POC ???
????????????????????????????
?????1 ??????????1 ?? POC?????????????????
???? [27]????2 ?? 1 ?????????????? 1 ?? POC ??????
?????????????????1 ?? POC ?????????????????
???????????
3.2 1 ?? POC ???????????
?????2 ?? 1 ?????????????? 1 ?? POC ?????????
?????????????????????????????? 2 ??????????
????????????????????????????????????????
???????? [3], [4] ???????????????? 1 ????????????
???????????????????????? 1 ?????????????1 ?
? POC ??????????2 ?? 1 ??????????????????????
????
2 ?? 1 ??????? f(n) ??? g(n) ????????1 ???????????
???????????n = −M, · · · ,M ????????M ?????????1 ??
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1D POC function r(n)
1D image signal f(n)





? 3.1 1????????? (1 ?? POC)





????????????1?????? f(n) ??? g(n) ?? 1 ?? POC ?? r(n) ?
????????????? 3.1 ????
1 ?????? f(n) ??? g(n) ? 1 ?????????? (Discrete Fourier Trans-













N ?????????????AF (k) ??? AG(k) ????? 1 ??
???? f(n) ??? g(n) ?????????θF (k) ??? θG(k) ????? f(n) ??
? g(n) ???????????????????????? k = −M, · · · ,M ?????
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????G(k) ? G(k) ?????????f(n) ? g(n) ? 1 ?? POC ?? r(n) ???








?????1 ?????? f(n) ? g(n) ??????? δ ????????????
?????????????? f(n) ? g(n) ?????????? δ ????????
??????????????δ ???????f(n) ? g(n) ? 1 ?? DFT F (k) ???
G(k) ???????????????
G(k)  F (k)e−j 2πN kδ (3.5)
?????F (k) ? G(k) ??????????????R(k) ??????????
R(k)  ej 2πN kδ (3.6)
















????1 ?????? f(n) ? g(n) ? δ ?????????????? 1 ?? POC ?
????????????????α ???????????????????????
???????????????????????????α ????????????
?? α ≤ 1 ?????????1 ?? POC ????????? α ? 2 ???????
????????????? δ ? 2 ????????????????1 ?? POC ??
?????????? α ?????? δ ?????????2 ????????????
??????????????????????
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? 3? 1 ????????????????????
3.3 1 ?? POC ????????????????
?????1 ?? POC ??????????? δ ????????????????
??????????? [27]?
3.3.1 ??????
1 ?? DFT ?????????????????????????????????
??????????????????????????? 1 ?????? f(n) ???












































3.3 1 ?? POC ????????????????
3.3.3 ??????????????????????????
????2 ?? 1 ????????????? δ ????????1 ?? POC ??
????????????????????????????1 ?? POC ??????
????? (3.12) ???????????????????? POC ?????????
???? (3.12) ?????????????????????????????????
??????????????????α ??? δ ?????????????????
?????????????????????????? 2 ??????? 1 ????
Levenberg-Marquardt ??????
3.3.4 ??? 1 ?????????
1 ?? POC ?????????????????????????????????
????????????????????????????????????????
? 1 ?? POC ????????3.2 ????1 ?? 1 ????????????? 1 ?
????????????????????????????????????????
??????1 ?? 1 ??????????????????????????????
????????????????????????????????????????
??????????????????? 1 ????????????????? 1 ??
POC ???????? 1 ?? POC ??????? 3.2 ???????1 ?? 1 ???
???????????? 1 ?? POC ??? Peak-to-Noise Ratio (PNR) ??????
??????????? 1 ?? POC ??????????? PNR ?????????
?????????? 1 ?? POC ?????????α ???????? δ ?????
????????????????????????
3.3.5 ????????????????????????????
1 ?? POC ?????????????????????????????????
????????????????????????????????????????
? 1 ?? POC ?????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
??????????????????????????1 ?? POC ????????
????????????????????????????????????????
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? 3? 1 ????????????????????









Average 1D POC function











?????????????????????????????????1 ?? POC ?
????????????????????????? [28], [44], [45]?????? A ??
??????
3.4 ???
?????1 ??????????1 ?? POC?????????????????
????????2 ?? 1 ?????????????? 1 ?? POC ????????























? 4? ??????????????????? 3 ????
4.2 POC ????????????????????
?????POC ???????????????????????????????




????? 1 ?? POC ?????????????????????????????




???????????????????????? V = {V0, · · · , VL−1} ?????
??? VR ∈ V ??????? C = {C0, · · · , CK−1} ⊂ V−{VR} ???????????
???L ??? K ????????????????????????VR ??? C ?
? K ?????????? Vrect,i - Crect,i (i = 0, · · · , K − 1) ???? [3], [4]??????
???????? 1 ?? POC ????????????????????1 ?? POC




???????? Vrect,i - Crect,i ???? 3 ??? M = (X, Y, Z) ???????
[3], [4]?????Ci ∈ C ???????????????? VR ???????????










????????????? 3 ??? M ??????????????? 3 ???
Mrect,i = (Xi, Yi, Zi) ????????????
M = RiMrect,i (4.2)
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4.2 POC ????????????????????
















????(ui, vi) ?????????? Vrect,i ????Mrect,i ????????????
???(u0i, v0i) ?????????? Vrect,i ?????????βi ???????????
Bi ?????????????????????????? f ???????????
?????????? 1 ?????? f ???????????β ?????? (4.2) ?















































































? (4.9) ????????????????????????? di ? dj ??????
???????????????????????????????? 3???????
????????????????????????????????????????
??????????? d ?????????????? Vrect,i - Crect,i (i = 0, · · · , K−1)
???????????????????????? di ?????? d ???????
????????
di = sid (4.10)
????si ?????????????????????????? (u, v) ??????




















4.2.2 ????????? POC ?????
? 4.1?????3???M???????????? ΔM = (ΔX,ΔY,ΔZ) ???
???M′ = M+ΔM ????????????? Vrect,i - Crect,i (i ∈ {0, · · · , K − 1}) ?
???????????????? (4.4) ???3 ???M′ ?????????? Vrect,i




























??????????M ??? 3 ???????????????? Vrect,i - Crect,i ??
??????? δi ???????M ?????? di ?M′ ?????? d′i ????
d′i = di + δi (4.15)
???????????????????????????????M′ ????????
Vrect,i ???????????? fi ? Crect,i ???????????? gi ???? δi ??
??????????????????????? δi ??3?????????fi ? gi ?
1 ?? POC ?? ri ???????????????????????????????
????????????? Vrect,i - Crect,i ??? Vrect,j - Crect,j (j ∈ {0, · · · , K−1}−{i})
?????????? δi ? δj ??????????????????????????
???????????????? 1 ?? POC ?? ri ? rj ????????????
???? 4.1 ????????? VR - C0 ???? B0 ??? VR - C1 ???? B1 ???
??????????? ΔZ ???? VR - C1 ???????? δ1 ??? VR - C0 ??
?????? δ0 ??????????????VR - C0 ??????? POC ?????
??? δ0 ? VR - C1 ??????? POC ???????? δ1 ???????????
??????????? POC ????????????????
???????????????????????????????????????
???????????????????????????? 1 ?? POC ??????
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? 4? ??????????????????? 3 ????
































? 4.2 ????????????????: (a) ???????? w ?????? POC
??, (b) ???????? siw ?????? POC ??
?????????M ?????????? d?M′ ?????????? d′ = d+ δ ?




(ui − u0i)Bi/(si(d + δ))




?????????????????? Vrect,i - Crect,i ????????????????
????? fi ? gi ???????? siδ ?????????????????????
w ?????fi?gi ???????????????? siw ?????? siw ?????












1 ?? POC ?? ri ??????? δ ????
???????????? Vrect,j - Crect,j (j ∈ {0, · · · , K − 1}− {i}) ????????
????????????????? sjw ? siw ???????1 ?? POC ?? rj ?
?????? δ ???????????? Vrect,i - Crect,i ?????? 1 ?? POC ??
ri ???????????????????? POC ?????? 4.2 ????? 4.2 (a)
??????????????????????????????????????? w
??????????????? POC ??????????????????????
? δi ?????????????? POC ??????????????????????
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4.2 POC ????????????????????
? 4.2 (b) ???????????????????????????????????
? siw ?????? POC??????? 4.2 (b) ??????????????????
???? POC ???????? δ ????????????????????????
??????????? 1 ?? POC ???????????????????????
?? 1 ?? POC ???????????????????????? 1 ?? POC ??
ri (i = 0, · · · , K − 1) ????? rave ????????? 1 ?? POC ?? rave ????




(ui − u0i)Bi/(si(d′ − δ))





?????????????? 3 ??? M ????? Ci ∈ C ?????????
????????????????????????????????????????
???????????? 1 ?? POC ??????????????????????
????????????????????????????????????????
???????????????????? 1 ?? POC ??????? α ??????
???????????????????? 1 ?? POC ??????????????










[3], [27]?????????????????????????????????? VR ??
????? C = {C0, · · · , CK−1} ???????????? dep ????????? corr
??????? conf ??????????????????????????? thcorr?
???????????? H???????????????? w??? 1 ?? POC ?
??????????? l ????
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? 4.3 ??? POC ???????????????
??????? VR ????? C ???????????????????????
??i = 0, · · · , K − 1 ??????????? VR - Ci ???????????????
???????????? Vrect,i,0 , Crect,i,0 ????????h = 1, · · · , H − 1 ?????
Vrect,i,0 ??? Crect,i,0 ? 2−h ????????? Vrect,i,h ??? Crect,i,h ????????
??????????? H−1???????????????????????????
??? Zinit ???????? Zinit ??i = 0, · · · , K−1 ?????Vrect,i,H−1 ? Crect,i,H−1
? POC ????????????????????????????????????
??????? VR ?????? m = (u, v) ???????? Step1 ?? Step7 ???
?????????????????????dep(m), corr(m), conf(m) ???????
? m ???? VR ????????????????????dep, corr, conf ????
???????????????????????? 4.3 ????
Step1: i = 0, · · · , K − 1 ?????m ???????? si ?? (4.11) ????????
30
4.3 ?????????
????????????? Vrect,i,0 ???? m ???? mi = (ui, vi) ?????
??????????????????????
Step2: h← H− 1 ??? 3 ???M←Minit ?????????????Minit ???
??? VR ?????? m ??????????? Zinit ??? 3 ???????
Step3: i = 0, · · · , K − 1 ?????M ??????? Vrect,i,h - Crect,i,h ???????




i,h), ????????Vrect,i,h ?? mi,h ?
??? siw × l ???????????????? fi,h ? Crect,i,h ?? m′i,h ???
? siw × l ???????????????? gi,h ?? 1 ?? POC ?? ri,h ??
????
Step4: ri,h ??? POC ??????? αi > thcorr ???????????rave,h ??
??????αi > thcorr ??? POC ?????? K ′ ????
Step5: 1 ?? POC ?? rave,h ????????????????????POC ???
???? α ?????? δ ?????? δ ??? (4.17) ???? 3 ??? M ?
?????
Step6: h = 0 ????? h← h− 1 ???Step3 ?? Step6 ??????
Step7: h = 0 ???? 1 ?? POC ?? rave,0 ? 3 ???M = (X, Y, Z) ???dep(m),
corr(m), conf(m) ????????????
dep(m) = Z (4.18)






??????????????????? dep ??????????? corr????















? 4.4 ???????????? VR ????????? C???: Herz-Jesu-P25??
?: Fountain-P11?
????????? Herz-Jesu-P25 ??? Fountain-P11 [47] ????????????
?????????? 3 ?????????????????
4.3.1 ????
?????? Herz-Jesu-P25, Fountain-P11 ????????????????????
??????????????????????????????????? [47]???
????????????????????Herz-Jesu-P25 ? 25 ??Fountain-P11 ? 11
??????????????????? 1 ?????? VR ????????????
???? VR ?????????????????????Herz-Jesu-P25 ?? VR ??
? 4 ????????? C = {C0, C1, C2, C3} ???Fountain-P11 ?? VR ??? 2 ?
???????? C = {C0, C1} ????Herz-Jesu-P25 ??? Fountain-P11 ?????
?????????? VR ?????????C ?? 4.4 ??????????????
????????????3, 072× 2, 048 ??????????????????????








????? 3 ?????????????? 3 ???????????????????
?????3 ????????????????Goesele ???????????1 ???
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????????3, 072 × 2, 048 ??
??????? 4 ?????????????????????1, 536× 1, 024 ????




??????????????????? 1, 1/2, 1/5, 1/10, 1/20???????????
??????????????? ΔZ ??????? 5 ?? ΔZ ??????????
?????????????????????????????????????????
???NCC ???????????????? 9× 9 ????????????????
??????NCC ?????????????????? thcorr ? 0.6 ????
???????????????????????????????????????
??????????? H ??3, 072× 2, 048 ???????? H = 4?1, 536× 1, 024
???????? H = 3?768× 512 ???????? H = 2 ????????????
??? h > 0 ??????????? thcorr ? 0.1??????????????? w ?
32 ???????????????????? h = 0 ??????????? thcorr ?
0.6??????????????? w ? 16 ?????????? POC ???????
???? l ??????????? l = w/2 + 1 ?????????? 1 ?? POC ??
??????3.3.1 ???????????????????????????? 16 × 9




??? α ????????Fountain-P11 ??????????????????? thcorr
? 0.3?????????????? Fountain-P11 ?????????????????
??????????????????????? h = H − 1 ???? 3 ???????
Minit ???????????????? Zinit ??? 3 ??????????? Zinit±D
??? 3 ????????????????????????????????????
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? 4? ??????????????????? 3 ????
???????????????? D ????????????????? w/4 ???
??????????
4.3.2 3 ?????????
?????Goesele ????????????????????????? 3 ????
?????????????3 ???????????????????? e ?????
e =
|Zcalculated − Zground truth|
Zground truth
(4.21)
????Zcalculated ??????????????????Zground truth ????? VR ??
????????????????????????????????????????
???????????????????????????????
????????? Herz-Jesu-P25 ???? 3 ????????????Goesele ??
??????????????????????????????? 3 ?????? 4.5
??? 4.7????????? 4.5?? 4.6?? 4.7????? Herz-Jesu-P25 ? 768×512?
1, 536×1, 024?3, 072×2, 048??????????? 3 ???????????????
? Herz-Jesu-P25 ????????????????????????? 3 ??????
??? 4.8 ??? 3 ????????????????? 3 ?????????????
?????????? 4.9 ?????????????? 3 ???????? 4.10 ??
????????????????????????????? 4.11 (a) ???????
???? 4.11 (b) ????????????????????????????????
?????????????? 1 ?????????????????????????
????????????????????????? 4.11 (b) ???????????
????????????????????????????????????????
? 1 ???????????????????????? 4.4 ????????????
???????????????????????? 1 ???????????????
768× 512 ????????? 3.0 %?????? 1, 536× 1, 024 ????????? 1.5
%?????? 3, 072× 2, 048 ????????? 0.8 % ????
? 4.8 ????????? 3, 072× 2, 048?????????????? 3 ?????
?? Goesele ???????????????????????????? 768× 512 ?
????????1, 536×1, 024??????????????????? 3??????
??????????? 4.9 ????????????????????????????
??????????????????? 4.10 ???????? 3 ??????????
34
4.3 ?????????
(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth
? 4.5 Herz-Jesu-P25?768× 512 ????????? 3 ??????: (a)–(e) Goesele ?
????(f) ?????(g) ??????????
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? 4? ??????????????????? 3 ????
(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth




(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth
? 4.7 Herz-Jesu-P25?3, 072×2, 048????????? 3??????: (a)–(e) Goesele
?????(f) ?????(g) ??????????
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? 4.8 Herz-Jesu-P25 ???????? 3 ???????


























































































































































































































? 4.11 Herz-Jesu-P25 ?????????? 3 ?????
????: (a) ??????????????????(b) ?
???????????????38
4.3 ?????????
????????????? 3 ??????????????? 3 ??????????
??????????? 4.11 ???????????????????????????
????????????????????????????????????? 4.5 ?
?? 4.7 ? 3 ???????????????Goesele ???????????????
???????????????????? 3 ???????????????????
?????????????????????????? 1 ?????????????





????????????????????????????????? 4.5 ??? 4.7
??????????Herz-Jesu-P25 ???????????????????????
???????? 3 ???????????????????????????????
???????????????????????? 1 ?? POC ??????????
????????? POC ???????????POC ???????????????
?????????????
????????? Fountain-P11???? 3????????????? 4.12?? 4.13?
? 4.14 ????? Fountain-P11 ? 768 × 512?1, 536× 1, 024?3, 072× 2, 048 ????
??????? 3 ??????????Fountain-P11 ??????Herz-Jesu-P25 ???
?????????????????????? 3 ????????? 4.15 ?????
?????? 4.16 ????????? 3 ???????? 4.17 ???????????
???????????????????? 4.18 (a) ??????????? 4.18 (b) ?
????????????????????????????????????????
???????????? 1 ??????????????????????? 4.4 ??
?????????????????????????????????? 1 ?????
?????????? 768× 512 ????????? 1.2 %?????? 1, 536× 1, 024?
???????? 0.6 %?????? 3, 072× 2, 048 ????????? 0.3 % ????
? 4.15 ????????? 3, 072 × 2, 048 ?????????Goesele ?????
????????? 3 ????????????????? 768 × 512 ???????




? 4? ??????????????????? 3 ????
(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth




(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth
? 4.13 Fountain-P11?1, 536×1, 024????????? 3??????: (a)–(e) Goesele
?????(f) ?????(g) ??????????
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? 4? ??????????????????? 3 ????
(c) Goesele, ΔZ=1/5 pixel (d) Goesele, ΔZ=1/10 pixel
(e) Goesele, ΔZ=1/20 pixel (f) Proposed method
(a) Goesele, ΔZ=1 pixel (b) Goesele, ΔZ=1/2 pixel
(g) Ground truth



















































































? 4.15 Fountain-P11 ???????? 3 ???????


















































































































































































































? 4.18 Fountain-P11 ?????????? 3 ?????
????: (a) ??????????????????(b) ?
??????????????? 43
? 4? ??????????????????? 3 ????
????????????????????????????????????????
?? Goesele ???????????????????????????????? 4.12




??????????????Goesele ???????????? 3 ????????
???Goesele ?????????????????????????????????
???????????????????????????? [20] ??????????












?±w/4 ???????????????? 1 ???????????????????
Goesele ?????????????????? ±w/4 ???????????????
?????????????????????w ??4.3.1 ?????????16 ???
?????????? Goesele ??????????????? 4.1 ????? 4.1 ???
Goesele ???????????????? ΔZ ??????????????????
?????????????????????Goesele ???????????????
??????Goesele ???????? ΔZ = 1 ??????ΔZ = 1/2 ???????
?????????????????4.3.2 ????????????????Goesele ?




? 4.1 1 ???????????????
Additions Multiplications Divisions Square roots
Goesele, ΔZ = 1 pixel 10,692 4,878 162 162
Goesele, ΔZ = 1/2 pixel 21,384 9,756 324 324
Goesele, ΔZ = 1/5 pixel 53,460 24,390 810 810
Goesele, ΔZ = 1/10 pixel 106,920 48,780 1,620 1,620
Goesele, ΔZ = 1/20 pixel 213,840 97,560 3,240 3,240
Proposed method 8,960 8,096 576 288
? 4.2 ????????????
CPU Intel(R) Core(TM)2 Extreme CPU
X9650 3.00 GHz
Memory 3 GB
OS Vine Linux 4.2






???? 4.2 ?????????????? 4.3 ???? 4.4 ????? 4.3 ???? 4.4
??????????????Herz-Jesu-P25 ??? Fountain-P11 ??????????
??????????????? Goesele ?????????????????????
?????????????????Goesele?????????????????????
?????????????????????Goesele ????? ΔZ = 1/20 ?????
???????Herz-Jesu-P25 ? 3, 072× 2, 048 ????????? 90 ??Fountain-P11
? 3, 072× 2, 048 ????????? 180 ??????????????Goesele ???
??ΔZ = 1 ?????????????Herz-Jesu-P25 ? 3, 072× 2, 048 ??????
??? 4 ??Fountain-P11 ? 3, 072× 2, 048 ????????? 9 ?????????
45
? 4? ??????????????????? 3 ????
? 4.3 Herz-Jesu-P25 ???????? [sec]
Image size [pixels] 768× 512 1, 536× 1, 024 3, 072× 2, 048
Goesele, ΔZ = 1 pixel 524 1,307 2,634
Goesele, ΔZ = 1/2 pixel 1,279 2,585 5,256
Goesele, ΔZ = 1/5 pixel 2,557 5,214 13,024
Goesele, ΔZ = 1/10 pixel 5,081 12,901 25,999
Goesele, ΔZ = 1/20 pixel 12,694 25,946 52,376
Proposed method 369 475 574
? 4.4 Fountain-P11 ???????? [sec]
Image size [pixels] 768× 512 1, 536× 1, 024 3, 072× 2, 048
Goesele, ΔZ = 1 pixel 1,229 2,511 6,277
Goesele, ΔZ = 1/2 pixel 2,457 6,290 12,636
Goesele, ΔZ = 1/5 pixel 6,135 12,559 25,310
Goesele, ΔZ = 1/10 pixel 12,292 24,806 62,973
Goesele, ΔZ = 1/20 pixel 24,439 62,244 125,557
























????????????? 1 ?? POC ?????????????????????




? 1 ????????????????3 ???????????????????
????????????????? 3 ??????????????????????
??????? 3 ?????????????????
? 2 ??????????????? 3 ????????????????????
??????????? 3 ????????????????????????????
?????????????????? 3 ?????????????????????
????????????????? 3 ??????? 1 ??????????????
????????????????????????????????????????
?????????????????????????????
? 3 ???????1 ?? POC ????????????????????????
1 ?? POC ????????????????1 ?? POC ?????????????
??????????????????????????
? 4 ?????????????????????????? 3 ?????????
????????????????????????????????????????






???? 3 ??????? 1 ??????????????????????????
???????????????????????????????????????























































????????????Scaled Window-POC (SW-POC) ???????????
?????SW-POC ?????????????Bradley ?? Scaled Window Matching












A.2.1 Scaled Window-POC (SW-POC)
SW-POC ??????????????????????????????????
?????????????????????? 1 ?? POC ????????????
51
?? A Scaled Window-POC ???????????????????????
Original window
Scaled window


















SW-POC ????????????????????????? swin ???????
??????? n???????????????? A.2 ????????? 3 ???
M = (X, Y, Z)?????????????????????????????? w1 ??
????????????????? w2 ?????? swin ??????????? [19]?

























????ψi ????? i ???????????????????? i ????????
??????????? 3 ???M ???????????φi ????? i ?????
???????? n ????????????????????????2 ??????
???????? 3 ???M ???????????????? n ?????????
??????????? 3 ????????????????????????????
????????? (A.2) ???????????????? swin ??????????
??????SW-POC ?????????????1 ?? POC ???????????
? 2 ????????????????????????? swin ??????swin ? smin






???1 ?? POC ?????????? [27] ?????????????????
53
?? A Scaled Window-POC ???????????????????????
????? phmax ???? qhmax ?????????????????????????
????????????????????????????????????????
???????????SW-POC ?????????????????????????




A.2.2 ????????????????????????????? swin ?????
? qhmax ?????????1?? POC??????????????????????
???????????????SW-POC ???????? swin ?? (A.2) ?????






?? qhmax ???????????????? swin ? qhmax ?????????????
????????????????????1 ?? POC ??????????????
???????????????????1 ?? POC ???????????????
????????????????
A.2.4 ???????????? POC ?????




???????????????? 1 ?? POC ???????????? [27]????
????????????????????????????????????????





Reference points Corresponding points
Lines Lines
? A.3 ???????????????
???????????? 1 ?? POC ?????? 1 ?? POC ???????????
?????????????????????????????
????A.2.1 ??? A.2.3 ?????????????????????????












?????????????????? SW-POC ??????????? 3 ?????
??????????????????????????1 ?? POC ????????
?? [27] ? Bradley ???? [19] ?????
55









 Stereo camera: 








???????????????????????? 600 mm ????????2 ???
??????????????????????????2 ?????????????








Bradley???????? 16????× 15????1?? POC??? SW-POC???
??????? 32 ???? × 15????????????1 ?? POC ??? SW-POC
?????????3.3.1 ?????????1 ?? POC ??????????????
????? [27]?32 × 15 ????????????????Bradley ????????
16 × 15 ????????????????????1 ?? POC ??? SW-POC ???
???????????????????? 3 ???????SW-POC ????????




left image right images
50 mm 100 mm 150 mm 200 mm
300 mm 400 mm 500 mm 600 mm
(a)
left image right images
50 mm 100 mm 150 mm 200 mm
300 mm 400 mm 500 mm 600 mm
(b)
? A.5 ???????????: (a) ???(b) ?
???????????? ±40 ????????? ±160 ??????????????
???Bradley ???????????????????????? 1/10 ???????














?? A Scaled Window-POC ???????????????????????
A.3.2 3 ?????????
??????????????????????????????????????




?????????????? A.1 ?????????? 50 mm ? 400 mm ?????
?????? 3 ???????? A.6 ????? A.1???? A.6 ??????????
???????? 1 ?? POC ??????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????SW-POC ????????? Bradley ?????????????????
??????????????????????????SW-POC ??????????
?? 300 mm ??????????????????????????????????










???? 3 ???????????????????????????? 1 ?????
???????????????????????????? 3 ???????????
??????????? Root Mean Square (RMS) ??????? A.2 ???????







Baseline = 50mm Baseline = 400mm
(a) 1D POC
(d) 1D POC
Baseline = 50mm Baseline = 400mm
Baseline = 50mm Baseline = 400mm
(b) SW-POC
(e) SW-POC
Baseline = 50mm Baseline = 400mm
Baseline = 50mm Baseline = 400mm
(c) Bradley
(f) Bradley
Baseline = 50mm Baseline = 400mm
? A.6 3 ??????: (a)–(c) ????????(d)–(f) ??????
? A.1 ??????????? [%]
Baseline [mm] 50 100 150 200 300 400 500 600
1D POC 1.69 11.94 18.28 34.04 93.67 92.75 92.46 91.51
Plane SW-POC 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Bradley 0.00 0.00 0.00 0.00 0.00 0.00 8.47 13.67
1D POC 0.00 0.98 43.03 98.89 98.76 99.05 99.32 98.93
Sphere SW-POC 0.00 0.00 0.00 0.00 0.00 0.03 13.32 36.21
Bradley 0.00 0.00 0.00 0.18 6.04 18.63 35.06 57.76
???SW-POC ??????? Bradley ?????????????????????







?? A Scaled Window-POC ???????????????????????
? A.2 ??????? 3 ??????? RMS [mm]
Baseline [mm] 50 100 150 200 300 400 500 600
1D POC 0.3224 0.3298 0.3857 0.4730 0.5276 0.4153 0.2418 0.2753
Plane SW-POC 0.2010 0.1601 0.1343 0.1320 0.1130 0.1117 0.1096 0.1085
Bradley 0.4513 0.3864 0.1889 0.1889 0.1271 0.1385 0.1519 0.1555
1D POC 0.2240 0.1319 0.1083 0.6104 0.4636 0.3893 0.3330 0.2738
Sphere SW-POC 0.2203 0.1119 0.0727 0.0688 0.0564 0.0588 0.0713 0.0716
Bradley 0.3479 0.1998 0.1526 0.1455 0.1404 0.1211 0.1111 0.1139
? A.3 1 ??????????????
Additions Multiplications Divisions Square roots
1D POC 70,784 61,056 3,840 1,920
SW-POC 200,555 172,992 5,120 5,440
Bradley 3,109,300 1,302,200 25,500 25,500
A.3.3 ????????
?????1 ?????????????????????????????????





















?????????? 3 ??????????????????????? 3 ?????
?????????
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